(12) ME5R&yH 



AH 3AHBKA, OIiyBJIHKOBAHH 
BOPOM 0 IIATEHTHOH KOOITEP 



:aAc 



(19) BCEMHPHAJ1 OPrAHH3AUIW 
HHTEJUIEKTyAJIbHOfl COBCTBEHHOCTH 

MenayHapoflHoe 6iopo 



(43) AaTa MexcayiiaponHoii ny6jimcauKH: 
15 <|>eBpajiH 2001 (15.02.2001) 




OOTBETCTBHH C 
(PCT) 



PCT 



M 


111 


II 


111 


in 


ii 


in 



(10) HoMep Me»cayHapoiiHOH rryoJiHKauHH: 

WO 01/11116 Al 



(51) M«ka> HapomiaH KJiaccH^HKauHH H3o6peTeHHH 7 : 

C30B 23/00, 29/38 

(21) Hoiviep MeiKAyHapoflHoii 33hbkh: PCT/RUOO/0033 1 

(22) #aTa MexcayHapoAHofi noiianu: 

2 aBrycra 2000 (02.08.2000) 



(25) H3mk noAaHH: 

(26) HihiK ny6^HKauHH: 



pyCCKHH 
pyCCKHH 



(30) /JaHHue o npnopHTeTe: 

99U7433 4 aerycTa 1999(04.08.1999) RU 

(71) 3aflBHTCJlH II 

(72) H3o6peTaTejin: BOAAKOB IOpHH AneKcaHApOBHW 

[RU/RU]; 194017 CaHKT-nerep6ypr, yji. PauieroBa, a. 
13, Kopn. 1, kb. 15 (RU) [VODAKOV, Jury Alexan- 
drovich, St.Petersburg (RU)]. KAPIIOB Ceprefi 
lOpteBHH [RU/RU]; 194292 CaHKT-rieTep6ypr, np. 
KyiibTypu, a. 24, Kopn. 1, kb. 44 (RU) [KARPOV, 
Sergei Jurievich, StPetersburg (RU)]. MAKAPOB 
K)pHH HHKonaeBHH [RU/RU]; 197198 CaHKT-rieTep- 
6ypr, BojituioH np., n.C 19, kb. 29 (RU) [MAKA- 
ROV, Jury Nikolaevich, St.Petersburg (RU)]. MO- 
XOB EareHHH HHKOJiaeBHH [RU/RU]; 195279 
CaHKT-nerep6ypr, Hphhobckhh np., a. 21, Kopn. 1, kb. 
225 (RU) [MOKHOV, Evgeny Nikolaevich, St.Peter- 
sburg (RU)]. PAMM MapK TpHropbeBHH [RU/RU]; 



192284 CaHKT-nerep6ypr, 3arpe6cKnfi 6p., a- 5, 
Kopn. 3, kb. 201 (RU) [RAMM, Mark Grigorie- 
vich, StPetersburg (RU)]. POEHKOB A/ieiccaHAp 
.Hmhtphcbhh [RU/RU]; 195220 CaHKT-rieTep6ypr, 
rpaxcAancKHH np., fl. 9, kb. 11 (RU) [ROENKOV, 
Alexandr Dmitrievich, StPetersburg (RU)]. CE- 
TAJIb AiiCKcannp Cojiomohobhh [RU/RU]; 
195299 CaHKT-nerep6ypr, yji. PycTaBejin, A- 58, 
Kopn. 1, kb. 532 (RU) [SEGAL, Alexandr Solomo- 
novich, St.Petersburg (RU)]. 

(74) AreHT: KPAT AHApefi BjiaAHMHpoBHH; 196600 
CaHKT-nerep6ypr, IlyuiKHH-1, a/a 61 (RU) [KRAT, 
Andrei Vladimirovich, St.Petersburg (RU)]. 

(81) YKasaHHue rocyAapcTBa (uav^uoncuibHo): CA, CN, JP, 
KR,US. 

(84) y Ka3aHHue rocyAapcTBa (pezuonanbHo): eBponefi- 
cKHfi naTeHT (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, rE, IT, LU, MC, NL, PT, SE). 

OnySjiBKOBana 

C omuemoM o MeotcdynapodnoM nouctce. 



B omuoweHuu d8yx6yKeenHbix Kodoe, xodoe xibiKoe u dpy- 
2ux coKpaiqeHUu cm. «I7oxcHeHWi k KodaM u coKpatifeHU- 
sim», nydjiuKyeMue e nancuie Ktotcdozo onepednoeo ebinycKQ 
Eiojuiemenx PCT. 



= (54) Title: EPITAXIAL GROWING METHOD FOR GROWING ALUMINUM NITRIDE AND GROWING CHAMBER 

=EE THEREFOR 

S (54) Ha3B3HHe mo6peTeHHJi: CnOCOB SITHTAKCHAJIbHOrO BblPAIUHBAHKH HMTPHM AJIIOMHHRH H 

= POCTOB Ail KAMEPA flJUI HETO 

^= (57) Abstract: The invention relates to an epitaxial growing 
method for growing monocrystalline aluminum nitride from 
a mixture of nitrogen and aluminum vapors, said method 
comprising the following steps: a substrate (4) and a source 
of aluminum (5) are placed opposite to each other inside a 
growing chamber (3); said substrate is heated to a 
i"H temperature ensuring the growth of monocrystalline 
"^3 aluminum nitride, whereby said temperature is maintained. 

Inside the growing chamber (3), the pressure of the mixture 
V© of nitrogen and aluminum vapors is maintained, whereby 
^ said pressure exceeds, by no more than 400 millibars, a 
^ lower threshold equal to the pressure generated within a 
tH closed space by a stoichiometric mixture of nitrogen and 
^5 aluminum vapors formed by evaporation of the source 
O material (5). The invention also relates to a growing chamber 
(3), whereby the material in contact with the source and the 
aluminum vapors of the surface inside said chamber is a 
solid solution of tantalum carbide in carbide. 
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(57) Pe^epaT: 

Cnoco6 snHTaKCHanBHoro BBipamHBaHHJi MOHOKpHCTajinHHe- 
CKoro HHTpn^a anioMHHHH H3 CMecH a30Ta h napoB aniOMHHHH 
BKnionaeT pa3MemeHHe b poctoboh KaMepe (3) Bpyr HanpoTHB 
Hpyra iiohjioxkh (4) h HCTOHHHKa (5) sjiiomhhhh , HarpeB h 
nonnepxaHHe pa6oHHx TeMnepaTyp hctohhhks (5) h nonnoxKH 
( 4 ) , o6ecneHHBaioiiiHx pocT MOHOKpHCTairna HHTpuna ajiiOMHHHH 
Ha nonnoxxe ( 4 ) . IIpn stom flaBneHHe cmsch a30Ta h napoB 
anioMHHHH b poctoboh KaMepe (3) nojwepxHBaioT b HHTepBane 
400 MHJiJiH6ap ot HHXHero 3HaneHH5i f paBHoro jjaBneHHio, co3- 
naBaeMOMy b 3 aMKHy tom o6*BeMe cTexHOMeTpHHecKOH cMecBBo 
a30Ta h napoB anioMHHHH, o6pa3yeMBix HcnapeHHeM MaTepnana 

HCTOHHHKa ( 5 ) • 

npe^noxeHa pocTOBan KaMepa ( 3 ) , b kotopoh MaTepnaji 

KOHTaKTHpyiOmefi C HCTOHHHKOM H napaMH aniOMHHHH noBepxHO- 

cth npencTaBJiaeT co6oh TBepRHH pacTBop KapSnjja TaHTajia b 
TaHTane. 
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CnOC06 SnHTdKCHaJlbHOrO BBipamHBaHHK HHTpHJja aJIBOMHHHJI H 

pocTOBan KaMepa una Hero. 

OBJIACTB TEXHHKH 

5 HacTOH^ee H3o6peTeHHe othochtch k c^epe npoH3BOflCTBa 

MOHOKpHCTaJiJiHHecKHX nojiynpOBOHHHKOBBix MaTepHanoB HJIH 

3JieKTpOHHOH npOMblinneHHOCTH f H B HaCTHOCTH, K snHTaKCHanb- 
HOMy BHpamHBaHHK) H3 napOBOH $ a3H HHTpH^a aJIIOMHHHK, 

HBJiHiomerocH nepcneKTHBHHM Ma<repHanoM hjih H3roTOBJieHHH 

10 yCTpOHCTB Ha OCHOBe nOBepXHOCTHHX aKyCTHHeCKHX BOJIH f a 

Taxxe H30JiHpyiomHx no^noxeK nnx nonynpoBOHHHKOBHx npn6o- 
poB, cnoco6HHx pa6oTaTB npn bhcokhx TeMnepaTypax . 

nPEflmECTByiOmHH YPOBEHB TEXHHKH 

15 H3BeCTHK CnOC06BJ BbipamHBaHHH MOHOKpHCTanJlHHGCKOrO 

HHTpnna anioMHHHH, ocHOBaHHBie Ha ocaxjjeHHH H3 napoBOH $a3H 
HHTpH^a aniOMHHHH, o6pa3yiomeroc5i Ha noflnoxKe b pe3yjiBTaTe 
xHMHHecKoii peaKUHH MeTannopraHHHecicoro coenHHeHHK aniOMH- 
hhh c SMMHaKOM • flocTOHHCTBOM 3TOH rpynn&i cnocoSoB HBHHeT- 
20 ch oTHOCHTeiiBHO HH3KaH TeMnepaTypa , OKono 1000° C, npn ko- 

TOpOH npOHCXOflHT pOCT MOHOKpHCTaJTJia , HO HOCTHraeMa* CKO- 

Poctb pocTa cnHniKOM Mana nnx npoMumneHHoro BwpamHBaHH^ 

Ob'beMHBIX KpHCTanJIOB. 

K npyrofi rpynne cnoco6oB, HcnonB3yeMHx ejih BwpaqHBa- 

25 HHH MOHOKpHCTanJIOB 6HHapHBIX COeflHHeHHH, B 4dCTHOCTH Kap- 

6Hjja KpeMHHH, ho eme He nonyHHBmux flonxHoro pa3BHTH« npn- 

MeHHTeJILHO K BEipanjHBaHHK) MOHOKpHCTanJIHHeCKOrO HHTpH^a 
a JIBOMHHHH i OTHOCHTCH Cy6jIHMaiJHOHHBie CnOC06H OCHOBdHHHe Ha 

peKOM6HHaqHH Ha nonnoxKe a30Ta h napoB anioMHHHH t nonyneH- 
30 hbix HcnapeHneM MaTepnana HCTOHHHKa, b KanecTBe KOToporo 

HCnOJlB3y»T nonHKpHCTaJIJlHHeCKHH HHTpHH an©MHHHH. H3BeCTHOH 

oco6eHHocTBio HHTpH^a ajiDMHHHH HBHHeTCK to, hto ero TeMne- 
paTypa miaBneHHH, H3BecTHan tojibko TeopeTHHecKH , 3HasH- 
TenBHO BBime TeMnepaTypa, npn KOTopofi npoHcxojjHT ero pa3- 
35 noxeHHe Ha cocTaBjiH»mHe 3 neMeHTH • FIosTOMy nepeHoc MaTe- 
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pnaxia hctohhhks Ha nonnoxKy nponcxoflHT c o6pa30BaHHeM 
a30Ta h napoB a jhomhhh* , KOTopae 3aTeM peKOM6HHHpyi0T Ha 
noflnoxKe. Heo6xoflHMBiM ycnoBHeM pocTa MOHOKpncTanna hbjiji- 
eTCH co3naHHe pa3HOCTH TeMnepaTyp Mexny nonnoxKofi h 6onee 

5 roptfHHM HCTOHHHKOM • flJIH HarpeBa HCTOHHHKa HCnOJIB3yeTCH 
HHRyKI^HOHHHH CB4 HarpeBaTejlB THrJIH HCT04HHKa , CTeHKH KO- 

Toporo b 3tom cnynae BBinonH*iK)TC5i H3 sneKTponpOBonHoro Ma- 
TepHana, nn6o o6hhhhh pe3HCTHBHbifi 3neKTpH^ecKHH HarpeBa- 
Tenb. 

10 OCHOBHWMH npenHTCTBHilMH B BBipamHBaHHH o6«BeMHHX MOHO- 

KpHCTannoB HHTpnna anioMHHHH 6ojibiiihx pa3MepoB cy6nHMaqnoH- 

HHM MeTOflOM HBJIHeTCH HG3HaHHTGJlBHaH CKOpOCTB pOCTa , flaxe 

npn TeMnepaTypax okojio 2000° C, h BHcoKan arpeccHBHOCTB 
napoB anioMHHHH npn sthx TeMnepaTypax no oTHomeHHio k MaTe- 
15 pnany tutjih. H3BecTHO HcnonB30BaHHe Taox MaTepnanoB ksk 
BonB$paM f rpa^HT h rpa$HT, nOKpHTHH nneHKOH KapSa^a KpeM— 

HH*. 

HaH6onee 6jih3khm k npepinoxeHHOMy H3o6peTeHHK> ^BnneTC^ 
cy6nHMaqHOHHHH cnoco6, onncaHHHH b cTaTBe C. M. Balkas et 

20 al. "Growth of bulk AlN and GaN Single Crystals by 
Sublimation", Materials Research Society Symposium 
Proceedings Vol. 449, 1997. (CM. Eanicac h ap. 
"Cy6nHMaqHOHHoe BBipamHBaHHe o6*BeMHbix MOHOKpHCTannoB AlN h 
GaN", ony6nHKOBaHHan b Tpynax CHMno3HyMa 06mecTBa nccne- 

25 HOBaHHH MaTepnanoB, tom 449, 1997, CIHA) . B stoh pa6oTe 
npHBOHHTCH onncaHHe SKcnepHMeHTOB no BfcipanjHBaHHK) mohokph- 

CTanJIOB HHTpH^a aHIOMHHHH B rpa$HTOBOH KaMepe C pe3HCTHB- 

hkm HarpeBaTeneM. IIonnoxKa ycTaHaBJiHBanacB b KaMepe aiccH- 

aJIBHO C nOBepXHOCTBK) HCTOHHHKa Ha pa3HHHHBIX paCCTO*HHHX 

30 ot Hee b npejjenax ot 1 ro 40 mm, B xofle sxcnepuMeHTOB 6ej- 
na ycTaHOBneHa HenparoRHocTB HHgToro rpa$HTa b KanecTBe 
MaTepaana hjih THrnn, kotopkh pa3pymancH b pe3ynBTaTe pe- 
aKUHH rpa^HTa c napaMH aniOMHHHH npHBOHHBmefi k o6pa30BaHHK) 
Kap6a«a aniOMHHHH (Al 4 C 3 ). BHpanjHBaHHe npoBORHnocB c hc- 

35 nonB30BaHHeM rpa^HTOBBix THrnen c noKptiTHeM H3 Kap6Hjqa 
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KpeMHHH (SiC), KOTopbie o6ecneHHBanH bo3mo2CHOCtb oflHOKpaT- 
Horo npoBeneHHH npoqecca npononxHTejiBHOCTBio 10-15 nacoB 
npH TeMnepaTypax 6jih3khx k 2000°C. 3a sto BpeMH nponcxo- 
jjhjio pa3pymeHHe SiC noicpBiTHfl: BCJiejqcTBHe HH$$y3HH amoMHHH* 
5 ckbo3b noKpBiTHe h ero peaKqHH c rpa^HTOM. flnn nonyneHHH 
cTa6nnBHOH CKopocTH HcnapeHHH b Ka^ecTBe Maxepnana hctoh- 
HHKa HcnonB30Banc^ npeccoBaHHMH nopomoK nonHKpHCTannHHe- 
CKoro HHTpnfla ajnoMHHHH, a b xanecTBe 3aTpaBOHHoro kph- 
CTanna nofliioxKH Hcnonb30BancH Kap6nn KpeMHHH. BBipamHBaHHe 

10 ocymecTBnnnocB npn TeMnepaTypax b nnana30He 1950 - 2250°C 
h nponyBKe KaMepH a30TOM npn $>HKCHpoBaHHOM jjaBneHHH 500 
Topp (npH6nH3HTenBHO 670 MHJijra6ap) . 

TaKoe naBJieHHe BBORHMoro h3bho a30Ta co3naeT 3hshh- 
Ten&HHH h36htok a30Ta b cocTaBe napoBOH $a3H no cpaBHeHHio 

15 c cocTaBOM, nonynaiomHMCH npn HcnapeHHH HHTpnna anioMHHHH 
HCTOHHHKa. Pac^eT noKa3HBaeT f hto jjaBJieHHe napoB HHTpnaa 
an»MHHHH r o6pa3yK>mHXC* b ycnoBHJix SKcnepHMGHTa npn TeMne- 
paType 2250°C, nocTHraeT tojibko BenHHHHH 200 MHnnn6ap. 

B yKa3aHHOH BHrae pa6oTe yTBepxnaeTCH, hto hhtphr an»- 

20 MHHHH 06lianaeT OCO6eHHOCTBI0, 3aKJIK)HaK>meHCH B "OH6HB BBICO- 

kom paBHOBecHOM jjaBJieHHH napoB a30Ta npn yMepeHHux TeMne- 
paTypax" . 

Korna penB hr&t o "bhcokom" paBHOBecHOM naBjieHHH napa 
OBHoro H3 sneMSHTOB GnHapHOPO coeflHHeHHH , HcnapjuomerocH c 
25 pa3noxeHHeM Ha sjieMeHTti, cneijHanHCTy b naHHOfi o6nacTH 

TeXHHKH nOHHTHO, HTO HMeeTCH B BHJjy CpdBHGHHe paBHOBeCHBIX 

napqHanBHHx naBJieHHH napoB sneMeHTOB 3Toro coenHHeHaa: b 
3aMKHyToii CHCTeMe t HaxonameHC5i b TennoBOM paBHOBecHH . IJh- 
THpoBaHHoe BBime yTBepxHenne, oTHocnmeecH k HHTpnay ancMH- 
30 HH5i r o3HanaeT, hto KOHi^eHTpaqHK aTOMOB a30Ta b napax hht- 

pH^a aJTEOMHHHH 3HaHHTeJIBHO npeBHtttaeT KOHqeHTpaqHK) aTOMOB 

anroMHHHH. IlocnenHee MoseT HMeTB MecTO tojibko b cnynae, 
ecnH b 3aMKHyToii cncTeMe paBHOBecHoe naBnenne napoB ycTa- 

HaBJIHBaeTCil TaKHM 06pa30M, HTO aTOMH anX3MHHHH H3 napoBOH 

35 $a3H, MHHyH peKOM6HHaqH© c a30TOM, nepexo^OT b XHEKyio $a- 
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3y an»MHHHK. OneBHRHO, co3naHHe BHCOKoro $OHOBoro naBne- 

HHH a30Ta B 3THX 3KCIiepHMeHTdX npOJJHKTOBclHO CTpeMJieHHeM 

H36exarrB onacHOCTH o6pa30BaHH*i xhrkoh $a3H (KanenB) anio- 

MHHHH B npoqeCCe BBipamHBaHHH Ha pOCTOBOH nOBepXHOCTH MO- 

5 HOKpucTanna h cTeHKax KaMepsi h 3thm H36exaTB noTepB anio- 
mhhhh / a TaKxe B03MOXHoro npn 3tom o6pa30BaHHH ne$eKTOB 
KpHCTannHHecKOH CTpyKTypbi. 

OflHaKO, npH 3HaHHTeJIBHOM H36HTKe a30Ta B CMeCH a30Ta 

h napoB anwMHHHH jqencTByeT MenneHHHH RH$$y3HOHHHH Mexa- 
10 hh3m nepeHoca MaTepnana HCTOHHHKa k nonnoxxe, npnneM 
hmghho ckopoctb nepeHoca orpaHHHHBaeT CKOpOCTB pocTa MO- 
HOKpacTanna . 

B ormcaHHOM 3KcnepHMeHTe BipamHBaHHio npH TeMnepaType 
2250°C npen^iTCTBOBano 6HCTpoe HcnapeHHe Kap6n;qa KpeMHHH 

15 noKpHTH5i THrnn. BbipaqKBaHHe npoflOJixHTeriBHOCTBio 15 nacoB 
co CKopocTBio 30-50 MKM/^ac ocymecTBHHnocB b TeMnepaTypHOM 
0Hana3OHe 1950-2050°C, OqeHKa CKopocTH pocTa 0.5 MM/nac b 
TeneHHe HenpoflonxHTenbHoro BpeMeHH BbipamHBaHHH buna, nony- 
neHa npH TeMnepaType HCTOHHHKa 2150° C, paccTOHHHH Mexjjy 

20 noflJioxKOH h hctohhhkom 4 mm h nonnepxaHHH TeMnepaTypH 
nonnosKH Ha BejiHHHHy He MeHee 70° C Haxe TeMnepaTypbi hc- 

TOHHHKa . 

06ecneneHHe 3naHHTejiBHOH pa3HOCTH TeMnepaTyp noflnoxKH 
h HCTOHHHKa npeHCTaBnneT co6oh TexHHnecKyK) npo6neMy b 

25 crtynae Manoro paccTOHHHK Mexny hhmh, KOTopan moxgt 6htb 
pemeHa c noMomBio choxhhx KOHCTpyKTHBHHX yxnmpeHHH H TOJIB — 
ko qeHOH HenpoH3BORHTenBHHx 3aTpaT 3HeprHH, TaK ksk npn- 
xonHTCH npHHHMaTB Mepn npHHyjjHTenBHoro oxnaxaeHH* nonnox- 
kh i HarpeBaeMOH TennoBHM H3nyneHHeM ot HCTOHHHKa. KpoMe 

30 Toro cnenyeT otmcthtb, hto noBHmeHne pa6oneH TeMnepaTypH 
HCTOHHHKa h cBH3aHHofi c HeH TeMnepaTypH noqnoxKH xoth h 
o6ecneHHBaeT yBennneHHe ckopocth pocTa MOHOKpncTanna hht- 
pana ajiioMHHH^i / ho, noMHMO noBHineHHoro pacxojqa SHeprHH, 
npHBOflHT TaKxe k pe3KOMy coKpanjeHHio cpoxa cnyx6H Tex nac- 
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Ten o6opyEOBaHH#, KOToptie pa6oTaioT npn sthx bhcokhx TeM- 
nepaTypax . 

PACKPHTHE H30EPETEHHH 
5 3aflaHeH HacTOJimero H3o6peTeHH* ^BnneTCii co3«aHHe 

cnoco6a h yCTponcTBa nnn BHpamHBaHH*i MOHOKpncTanHHecKoro 

HHTpHRa aJIIOMHHHH , KOTOpblH II03B0JlHn 6fil flOCTHHL BHCOKOH 
CKOpOCTH pOCTa MOHOKpHCTaJlJia npH HeBHCOKHX Tpe60BaHHHX K 

TaKHM napaMeTpaM npoijecca, kcik paGo^a* TeMnepaTypa hctoh- 
10 HHKa / paccTOHHHe h pa3HocTB TeMnepaTyp Mexny nonnoxKoii h 

HCTOHHHKOM, H npH 3TOM II03B0JIHJI BbinOJIHHTB MHOrOKpaTHOe 

BHpamHBaHHe o6*BeMHHx MOHOKpHCTannoB 6e3 3aMeHH nacTen hc- 
nojiB3yeMoro oSopyjjoBaHHH, hto, b kohghhom cneTe, o6ecne- 
hhjio 6h npoMHraneHHyio npHMeHHMocTB cnoco6a. 
15 3Ta 3anana pemaeTc* TeM, hto b cnoco6e snHTaKCHanbHo- 

rO BHpamHBaHHH MOHOKpHCTaJlJTHHeCKOrO HHTpHfla aJIIOMHHHH H3 

CMecH a30Ta h napoB a jtiomhhhh , BKJuonaiomeM pa3MenjeHHe b 
POCToboh KaMepe npyr HanpoTHB npyra nonnoxKH h HCTOHHHKa 
anioMHHHH f HarpeB h nonnepxaHHe TeMnepaTyp HCTOHHHKa h 

20 nojjnoxKH, o6ecneHHBaiomHx, cooTBSTCTBeHHO f o6pa30BaHHe na- 
poB anioMHHH^ b cocTaBe CMecH h pocT MOHOKpHCTanna HHTpnna 
ajiHDMHHHH Ha nojjjioxKe , cornacHO H3o6peTeHHio, flaBneHHe cMe- 
ch a30Ta h napoB ajiBDMHHHH b poctoboh KaMepe nonnepxHBaioT 
b HHTepBane 400 MHnnn6ap ot HHXHero 3HaneHH5i paBHoro naB- 

25 jieHHio, co3qaBaeMOMy b 3aMKHyTOM oG'BeMe cMecBio o6pa3y©mHx- 
ch npn TeMnepaType HCTOHHHKa napoB ajiioMHHHH c a30TOM, 
HMewmen oflHHaKOBBie KOHqeHTpaqHH aTOMOB a30Ta h anioMHHH^. 

CornacHO HacTOKmeMy H3o6peTeHHK>, BHpamHBaHHe mohokph- 
CTanna HHTpHjja aji»MHHHH ocymecTBnnroT 6e3 HcnojiB30BaHHH b 

30 npoijecce pocTa BHCOKoro $OHOBoro aaBneHH* a30Ta, co3Haio- 
mero 3HaHHTenBHHH h36htok KOHqeHTpaqHH aTOMOB a30Ta no 

CpaBHeHHK) C aTOMaMH anS)MHHHH B COCTaBe CMeCH • 

B ycnoBH^x 3HaHHTenBHoro H36biTKa a30Ta b cocTaBe cMe- 

CH CKOpOCTB pOCTa MOHOKpHCTaJlJia OrpaHHHeHa CKOpOCTB© JJ,U$- 

35 $y3HOHHoro nepeHoca aTOMOB aniOMHHHH ot HCTOHHHKa k non- 
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noxxe. CHHxeHHe H36HTKa a30Ta b cocTaBe CMecn no bgjihhhh , 
Korpa ee kojihhgctbghhhh cocTaB npH6nHxaeTC* k cTexHOMeT- 
pnHecKOMy cooTHomeHHio KOHqeHTpaqnH aTOMOB a30Ta h anioMH- 
HHK/ cooTBeTCTByiomeMy nnx HHTpnaa anioMHHHJi ojjHHaKOBfciM hx 

5 KOHIjeHTpaqHHM, npHBOHHT K MHOrOKpaTHOMy yBeHHHeHHK) CKOPO- 
CTH pOCTa MOHOKpHCTaJIJia HHTpHfla aJIIOMHHHH. 

yBennneHHe ckopocth pocTa npoHcxoflHT b pe3yjiBTaTe Ka- 
necTBeHHoro H3MeHeHH* MexaHH3Ma nepeHOca aTOMOB ajnoMHHHH. 
npn npH6nnxeHHH k cTexnoMeTpHnecKOMy coothohibhhk) KOHqeH- 
10 Tpaqira aTOMOB a30Ta h ajiK>MHHHJi Han npoqeccoM flH$$y3HOHHo- 
ro nepeHoca HaHHHaeT npeo6nanaTB kohbgkthbhkh nepeHOC, 

BHpaxaKHIJHHCH B HanpaBJieHHOM RBHXeHHH aTOMOB f COCTaBJIHIOmHX 

napH HCTOHHHKa k 6onee xojiobhoh noflJioxKe. B cnynae CMecn 
a30Ta h napoB a jieomhhhk f ksk ycTaHOBJieHO aBTopaMH, HBJieHHe 

15 KOHBeKTHBHoro nepeHoca npoHBnneTCfl oneHB chjibho h conpo- 
BOxnaeTCR 3HaHHTejiBHBJM yBenHHSHHeM ckopocth nepeHoca Ma- 
Tepnana HCTOHHHKa k nonnoxKe. 3to npHBORHT k yBejinneHHio 
ckopocth pocTa MOHOKpHCTanna / KOTopan b nepByK) onepe^B 
orpaHHneHa CKopocTB© nepeHoca. 

20 IlpH pa6o^Hx TeMnepaTypax BHpamHBaHHH a30T npncyTCTBy- 

eT b napoBOH $a3e b BHfle MoneKyn N 2 , h cooTHomeHHe napijH- 
axiBHBix ^aBneHHH a30Ta h napoB anioMHHHH b hx CTexHOMeTpn- 
necKOH CMecn paBHo 1:2. BcneHCTBHe 3Toro, HHXHee 3HaneHHe 
3anaHHoro HHTepBana naBJieHHH b nonTopa pa3a npeBoexojjHT 

25 napqaaJiBHoe flaBJiemie napoB aJiK>MHHH$i f o6pa3yeMtix HcnapeHH- 
eM MaTepnana HCTOHHHKa b 3 aMKHy tom o6*&eMe. 

IJejiecoo6pa3Ho, noanepxHBaTB • ^aBneHHe CMecn a30Ta h 
napoB anioMHHH^ b KaMepe 6jih3khm k HHXHeMy 3HaneHHio 3anaH- 
Horo HHTepBana, cooTBeTCTByiomeMy CTexnoMeTpHHecKOMy coot- 

30 HomeHHio KOHi^eHTpaqHH aTOMOB a30Ta h anioMHHHH b CMecn , npn 

KOTOpOM CKOpOCTB pOCTa MOHOKpHCTaJIJia HHTpHfla aJIIOMHHHH 

AOCTHraeT MaKCHMyMa. 

OflHHM H3 bo3moxhhx nyTeft peanH3aijHH H3o6peTeHHH hbjih- 
eTCH TaKOH / Kor^a b Ka^ecTBe MaTepnana HCTOHHHKa aniOMHHH5i 
35 HcnonB3yioT HHTpHfl ajiKDMHHHii r pocTOByio KaMepy ho Havana Ha- 
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rpeBa BaKyyMHpy©T h repMeTH3HpyroT, h npoBon^T BBipanjHBaHHe 
MOHOKpHCTanna HHTpnna anioMHHHH npn hhxhgm 3HaneHHH 3a«aH- 
Horo HHTepBana flaBJieHHH cMecH a30Ta h napoB anioMHHHH , 
co3«aBaeMOH b poctoboh KaMepe HcnapeHHeM MaTepnana hctoh- 

5 HHKa . 

ABTopaMH ycTaHOBneHO, hto npoqecc HcnapeHHK h nocne- 
nyiomeH peKOMSHHaqHH napoB HHTpHjja ansoMHHHH HCTOHHHKa b 
repMeTHHHOH poctoboh KaMepe npoHCxoflHT 6e3 06pa.30Ba.HHH 
KHflKOH $a3H aniOMHHHH. B repMeTHHHoii poctoboh KaMepe npn 

10 HCnapeHHH HHTpHfla an»MHHH5I HCTOHHHKa C03flaeTCH CTeXHOMeT- 

pHHecKa* CMecB a30Ta h napoB anioMHHHH , to ecTB pocT moho- 
KpHCTanna npoHCXo^HT npn naBneHHH CMecn paBHOM HHXHeMy 
3HaneHHK) 3aaaHHoro HHTepBana flaBneHHH, npn kotopom neacT- 
ByeT MexaHH3M KOHBeKTHBHoro nepeHoca, o6ecneHHBaK>mHH MaK- 

15 CHMaJIBHyK) CKOpOCTB pOCTa . 

HpyroH BapnaHT peanH3aijHH coctoht b tom, hto b Kane- 
CTBe MaTepnana HCTOHHHKa amoMHHUH HcnonB3yiOT hhtphe anio- 
MHHHii, pocTOByio KaMepy , coo6maiomyK)CH c bhqqihhm npocTpaH- 
ctbom, noMenjaoT b aTMOC^epy a30Ta, jjaBneHHe KOToporo non- 

20 nepxHBaroT b npenenax 3aRaHHoro HHTepBana nasneHHH BHyTpn 
Poctoboh KaMepa. 

B cnynae Hcnont30BaHHH HHTpH^a amoMHHH* b KanecTBe 
MaTepnana HCTOHHHKa b HerepMeTHHHOH poctoboh KaMepe, non- 
HepxaHHe 3a«aHHoro KonHHecTBeHHoro cocTaBa cmgch BHyTpn 

25 poctoboh KaMepH, nyTeM co3«aHHH 3aflaHHoro $oHOBoro jjaBne- 
hhh a30Ta CHapyxn, no3BonneT npn6nH3HT& ckopoctb pocTa 
MOHOKpHCTanna k jjocTHraeMOH c noMOiqbio repMeTHHHOH pocto- 
boh KaMephi • npn 3tom HcnonB3yeTCtf 6onee oemeBbiH h TexHo- 
norHHHBiH b OTHomeHHH noBTopHHx BBipan^HBaHHH BapnaHT 6e3 

30 repMeTH3aqHH poctoboh KaMepa. 

Enje oflHH BapnaHT peanH3aijHH coctoht b tom, hto b Ka- 
necTBe MaTepnana HCTOHHHKa anioMHHH* HcnonB3yioT MeTannnne- 

CKHH aniOMHHHH , pOCTOByK) KaMepy, C006maDmyK)CH C BHemHHM 

npocTpaHCTBOM , noMenjaDT b aTMoc$epy a30Ta, naBneHHe koto- 
35 poro noflnepxHBacT b npe^enax 3anaHHoro HHTepBana jjaBneHHH 
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BHyTpn pocTOBoft KaMepw . B 9TOM CJiynae a30T nocTynaeT b 

COCTaB CMeCH H3BHe pOCTOBOH KaMSpH • 

Hctohhhk f conepxamHH MeTanjiH^ecKHH anioMHHHH, o6ecne- 
HHBaeT b TeMnepaTypHOM RHana30He HHxe 2400°C 6oJiBmyio cko- 
5 poctb pocTa MOHOKpacTanna, neu hctohhhk, MaTepnanoM koto- 
poro cnyxHT hhtphjj anioMHHHH. 

nocTaBneHHa* 3aAana pemaeTCK Taoe TeM, hto b pocto- 
boh xaMepe nnx snHTaKcnanbHoro BBipamHBaHHH MOHOKpHCTannH- 
necKoro HHTpnaa anBOMHHH* H3 CMeCH a30Ta h napoB a jiiomhhhh t 

10 BBinOJIHeHHOH . C BO3MO3KHOCTBI0 pa3MemeHHH BHyTpH Hee HCTOHHH- 

Ka aniOMHHHJi h nonnoxKH , HarpeBa h nonnepxaHHH TeMnepaTyp 
HCTO^HHKa h noRJioxKH , o6ecneHHBaiomHX pocT MOHOKpncTanna 
HHTpHfla anioMHHHH Ha nowxoxxe, cornacHO h3o6pgtshhio f MaTe- 
pnan KOHTaKTHpyiomeii c hctohhhkom h napaMH amoMHHHH no- 

15 BepxHocTH poctoboh KdMepH npeHCTaBnneT co6oh TBepHHH pac- 
tbop Kap6HRa TaHTana b TaHTane. 

ABTopaMH o6HapyxeHO , hto TaHTan ( Ta ) , nernpoBaHHHH 
yrneponoM npencTaBn*ieT co6oh MaTepnan peaiujHOHHO ctohkhh 
no oTHomeHHio k pacnnaBy anioMHHHH h ero napaM npn TeMnepa- 

20 -rypax no MeHBrnefi Mepe no 2500° C. IIpHMeHeHHe TaKoro MaTe- 
pnana BHyTpeHHen noBepxHOCTH poctoboh KaMepu o6ecne^HBaeT 

B03M0XH0CTB MHOrOKpaTHOrO HCnOJIB30BaHHK pOCTOBOH KaM&p&I 

naxe b cnynae, Korjja b KanecTBe HCTOHHHKa anioMHHHH hc- 

nOJIB3ySTCH MeTaJIHHHeCKHH aJIDMHHHH < 

25 

KPATKOE OnHCAHHE *HrYP HEPTEJKEft 
fcnr.l cxeMaTHnecKH H3o6paxaeT ycTponcTBO flnn BHpanjH— 
BaHHH MOHOKpHCTanna HHTpana a jiiomhhh<ji } 

<&Hr.2 H3o6paxaeT TeMnepaTypHHe 3aBHCHMocTH naBneHH* 

30 CTeXHOMeTpHHeCKOH CMeCH a30Ta H napOB ajIIOMHHHH B 3aMKHy— 

tom o6*BeMe nnx flByx pa3JiH^HBix MaTepnanoB HCTO^HHKa aniOMH- 
HH^ ; 

<I>Hr,3 H3o6paxaeT ceMencTBO kphbhx 3aBHCHMOCTH citopo- 
cth pocTa MOHOKpHCTanna HHTpHfla anioMHHHH ot BenHHHHH naB- 
35 neHH* cmgch a30Ta h napoB amoMHHH* nnx Tpex pa3nHHHtix 
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TeMnepaTyp npn ncnonB30BaHHH HHTpHfla cljiiomhhhk b KanecTBe 
MaTepnana HCTOHHHKa anioMHHHH. 

BAPHAHTH OCymECTBJIEHHH H30EPETEHH* 
5 BKpaqHBaHHe MOHOKpncTanna HHTpHfla aniOMHHHH npoBon^T c 

noMombio ycTpoficTBa, H3o6paxeHHoro Ha <J>nr.l. Yctpohctbo 
HMeeo? Kopnyc 1 , BbinojiHeHHHH , HanpHMep , H3 iCBapqa , b no- 
jiocth 2 KOToporo ycTaHOBneHa pocTOBa* KaMepa 3 b $>opMe 

IJHJIHHBpa, 3dMKHyTOrO J\ByMSl TOpqeBHMH CTeHKaMH. Ha orhoh 
10 H3 TopqeBHx CTeHOK poctoboh xaMepa 3, KOTOpa^I MOXeT 6fiITB 
BHnonHeHa b BHjje cseMHOH kphiiikh, ycTaHaBHHBaiOT noflnoxxy 
4, B KanecTBe MaTepnana noanoxxH 4 Hcnoji&3yr>T mohokph- 

CTaJlJIHHeCKHH HHTpHfl aJlK)MHHH5I HJIH Kap6Hfl KpSMHHH r HMefOIIJHH 

6nH3KyK> c hhtph^om aniOMHHHH KpHCTannHHecxyio CTpyKTypy. 
15 HanpoTHB no^noxKH 4 b poctoboh KaMepe 3 pa3Mema»T hctoh- 
hhk 5 a jhomhhhh • HHflyKqHOHHHH HarpeBaTenB 6 coqepxHT qn- 

JIHHflpHHeCKOH $OpMH npHSMHHK 7 HHflyKqHOHHHX TOKOB, BMEIOJl — 

HeHHHH H3 sneKTponpoBOflHoro rpa<|>HTa, h nHTaeMHe pa3nenBHo 
ceicqHH 8 h 9 CBH KaTymeK. IIphgmhhk 7 oxpyxeH Ten;ioH3on«- 

20 TopoM 1 0 , MaTepnanoM qnn KOToporo MoxeT cnyxHTB , HanpH- 
Mep, nopncTHH rpa$HT. TaKan KOHCTpyicqHH poctoboh KaMepa 
o6ecnenHBaeT bo3moxhoctb HarpeBa HCTOHHHKa 5 an»MHHH5i no 
TeMnepaTypa He MeHee 2500 °C c noMonjBio cbki^hh 9 HarpeBaTe- 
nn. HarpeB nonnoxKH 4 OTflenBHOH ceicqneH 8 no3BonneT co3- 

25 flaBaTB 3anaHHyio nonoxHTenBHyio pa3HocTB TeMnepaTyp Mexqy 

HCTOHHHKOM 5 H nOflJIOXKOH 4. 

KoHCTpyKqHH poctoboh KaMepw 3aBHCHT ot pa3MepoB MOHO- 
KpHCTannoB, qo kotophx hx npeqnonaraeTC* BBipamHBaTB. flnn 

BHpamHBaHHK MOHOKpHCTaJIJIOB 6onBIIIOH TOJTIIJHHbl , qo HeCKOJIBKHX 

.30 neciiTKOB MHnnHMeTpoB , HHnyKqnoHHHH HarpeBaTenB MOXeT 6htb 
BHnonHeH nepeMemaeMHM BqonB poctoboh KaMepw c TeM, hto6h 
co3naBaeMoe hm none TeMnepaTyp moxho 6wno cMemaTB no Mepe 

H3MGHeHHH nOJIOXeHHH pOCTOBOH nOBepXHOCTH MOHOKpHCTaJTJia , 

coxpaHHH 3thm nocTO^HHBie ycnoBHH una pocTa. HHqyicqHOHHBiH 
35 HarpeBaTenB MoxeT He coqepxaTB pa3qenBHHx ceKqafi 8 h 9, 
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ecnH KOHCTpyKqn^ poctoboh KaMepH no3Bon*eT o6ecnenHTB 
Tpe6yeMyio pa3HocTB TeMnepaTyp Mexny hctohhhkom 5 h nofl- 
noxKofi 4. BMecTO HHnyKqnoHHoro MOxeT 6bitb Hcnonb30BaH pe- 
3HCTHBHHH HarpeBaTenB, pa6oHHH sneMeHT KOToporo oxBaTBiBa- 
5 eT o6nacTB pa3MemeHHH hctohhhks anioMHHHJi. 

J\7lSi yBeJIHHeHHtf CKOpOCTH pOCTa MOHOKpHCTaJIJia BSJIHHHHy 

pa3HOCTH TeMnepaTyp hctohhhks 5 h nofliioxKH 4 xenaTenBHO 
nonnepxHBaTB paBHOH HecKonBKHM necHTKaM rpanycoB, npn 

3TOM paCCTO^HHe MeXJjy HCTOHHHKOM 5 H nOAHOXKOH 4 C 3TO& 

10 xe qenBio cnenyeT ycTaHaBnHBaTB bo3moxho MeHBme. 3th RBa 
Tpe6oBaHHH npoTHBopenaT npyr npyry , Tax KaK npn ManoM 
paccTOHHHH Mexqy hctohhhkom h nonnoxKOH 3aTpyflHHTenBHO 
o6ecnenHTB 3HaHHTejiBHyio pa3HOCTB TeMnepaTyp Mexay hhmh 
BcnencTBHe paqHaqHOHHOro HarpeBa nopnoxKH 4 ot HCTOHHHKa 

15 5. 3to npoTHBopenae MOxeT 6htb npeononeHO, ecnn npHHHTB 
cneqnanBHHe Mepti no oxnaxqeHHio nonnoxKH, ho 3to npHBORHT 

K HenpOH3BOAHTeJIBHBIM nOTep^M SHeprHH. Be3 npHHJITHH TaKHX 

Mep f b nopHHKe KOMnpoMHcca r qenecoo6pa3HO BBi6npaTB pac- 
CTOiiHHe Mexqy hctohhhkom h noqnoxKOH b npenenax 3-10 mm 
20 npn pa3HocTH TeMnepaTyp b npeqenax 10. - 30° C, cooTBeTCT- 

BeHHO . 

CTeHKH poctoboh xaMepta 3 BtinonHeHBi H3 TaHTana, BHyT- 
peHH^iH noBepxHOCTB CTeHOK nerapoBaHa yrnepoqoM. JlernpoBa- 
HHe yrnepoflOM npoBORHTCJi cnenywn^HM o6pa30M. PocTOByio Ka- 

25 Mepy 3 3anonHJiK)T noponiKOM rpa$HTa h MeqneHHo HarpeBaioT ho 
2200-2500°C. TeMnepaTypy noBBimaiOT c nocTOJiHHOH ckopoctb© 
b TeneHHe 1-3 nacoB h 3aTeM BBinepxHBaioT pocTOByio KaMepy 
3 npn MaKCHManBHOH TeMnepaType enje b TeneHHe 1-3 nacoB. 
B pe3ynBTaTe TaKOH o6pa6oTKH MaTepnan BHyTpeHHen noBepx- 

30 hocth CTeHOK pocTOBOH KaMepti 3 npeflCTaBnneT co5oh nepe- 
MeHHHH no rny6HHe ot noBepxHOCTH TBep^HH pacTBop Kap6nna 
TaHTana b TaHTane. nojiyneHHHH TyronnaBKHH MaTepnan, KaK 
ycTaHOBneHO aBTopaMH , He BCTynaeT b peaKqnio c aniOMHHHeM 
npn TeMnepaTypax no MeHBraen Mepe no 2500° C, hto o6ecneHH- 

35 BaeT B03MOXHOCTB MHoroKpaTHoro npoBeqeHHH ljhkjiob BbipanjH- 
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BcLHHH MOHOKpHCTaJIJIOB HHTpHfl6. aJIIOMHHHH B TdKOH pOCTOBOH 

KaMepe 6e3 3aMeHH hjih peMOHTa ee nacTeft. Ilpn stom Baxno, 
hto BHyTpeHHHe CTeHKH pocTOBoii KaMep&i 3, o6pa6oTaHHHe 
onHcaHHHM cnoco6oM / npaKTHHecKH He aHcop6Hpy»T aniOMHHHH h 

n03BOH5IK)T HCnOJIB30BaTB B KSHeCTBe MaTepHaJia HCTOHHHKa 

aniDMHHHH MeTannnnecKHH a jiiomhhhh • 

B BapnaHTe BBipamHBaHHH MOHOKpHCTanna H3 napoB HHTpujja 
anioMHHHii HCTOHHHKa b repMeTH3HpoBaHHofi pocTOBOH KaMepe 
npoqecc ocymecTBJinioT cnenyamHM o6pa30M. flo Havana Harpe- 
Ba , nonocTB 2 , una y^aneHHH H3 Hee aTMoc^epatix ra30B , 
npoflyBaiOT hhcthm a30T0M npn otkphtoh poctoboh KaMepe 3. 
A3ot H3 nonocTH 2 OTKaHHBa»T, h pocTOByio KaMepy 3 repMe- 

TH3HpyK)T r HanpHMep, MeTOflOM BaKyyMHOH CBapKH • B03MOXHO 

TaKxe npon3BOflHTB oTKanKy h repMeTH3aqHio poctoboh KaMepa 
3 no ee ycTaHOBKH b nonocTH 2. OTKanKy poctoboh KaMepa 3 

npOH3BOB*T JXO BeJlHHHHH OCTaTOHHOrO HaBJieHHH a30Ta, MaJlOH 

no cpaBHeHHio c 3anaHHOH bgjihhhhoh HHTepBana oTKJiOHeHHH ot 

HaBJieHHH CTeXHOMeTpHHeCKOH CMeCH. DpaKTHHeCKH f HOCTaTOH- 
HOH HB JIHeT C5I BeJIHHHHa OCTaTOHHOrO JjaBJieHHH a30Ta B He- 
CKOJ1BKO eHHHHIJ MHJIJIH6ap • 

3aTeM f c noMonjBK) HarpeBaTenK 6 hctohhhk 5, BunonHeH- 
hhh b BHfle 6pHKeTa cnpeccoBaHHoro H3 nopomKa nonHKpHCTan- 
JiH^ecKoro HHTpnna aniOMHHHH, h noanoxKy 4 HarpeBaroT j\o 
pa6oHHX TeMnepaTyp, npn KOTopsix nponcxoflHT flanBHenrnHH 
npoqecc BEjpamHBaHitH . Pa6oHHe TeMnepaTypti, np« kotophx ije- 
necoo6pa3HO npoBOjjHTB BwpamHBaHHe HHTpnaa aiiBOMHHHH nexaT 
b HHTepBane 2000-2500°C, 

B npoqecce HarpeBa HCTOHHHKa 5 HananBHoe aaBneHHe b 
Poctoboh KaMepe 3 , co3«aBaeMoe ocTaBnmMC* nocne oTKaHKH 
a30T0M, B03pacTaeT no Mepe HcnapeHH* MaTepnana HCTOHHHKa 

5. HcnapeHHe HHTpHfla a JIIOMHHHH HCTOHHHKa 5 npOHCXOAHT CTe- 

XHOMeTpHHecKH, to ecTB, npH TennoBOM pa3JioxeHHH MOTieKynti 
AlN o6a siieMeHTa nepexo«HT b napoByw $a3y. 06pa3OBaHHH 
xhjjkoh $a3H ansDMHHHH He npoHcxo^HT. IIpH 3tom, ecjiH npe- 
HeGpenB He6oji&niHM HananBHHM cojjepxaHHeM a30Ta, KOHqeHTpa- 
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Uhh ao?oMOB a30Ta h an»MHHiM b poctoboh xaMepe 3 - o«HHa- 
kobbi / to ecTB b ejunraqe o6*eMa npncyTCTByioT paBHiae kohh- 
He cTBa aTOMOB a30Ta h stomob anioMHHHH. 

TaKHM o6pa30M # BHpamHBaHHe MOHOKpncTanna HHTpnna anio- 

5 MHHHH B repMeTH3HpOBdHHOH pOCTOBOH KaMepe 3 npOHCXOflHT 

npn HHKH6M 3Hd.H6HHH onpeflejineMoro $opMynoH H306peTeHHH 
HHTepBana naBneHHH cmgch a30Ta h napoB aniOMHHH*, cooTBeT- 
cTByiomeM cTexHOMeTpHnecKOMy coothohighhk) KOHijeHTpaijHH aTO- 

MOB a30Ta H aniOMHHHH B CMeCH. 

10 B cnynae cTexHOMeTpHHecicoro cocTaBa cmgch a30Ta h na- 

poB aniOMHHHH npoHcxoHHT KOHBeKTHBHHH nepeHOC MaTepnana 
HCTOHHHKa 5 Ha nonnoxKy 4, npe;qcTaBnHK>mHH co6oh HanpaB- 
neHHoe HBHxeHHe aTOMOB an»MHHHH h Moneicyn a30Ta ot hctoh- 
HHKa 5 k noanoxice 4, h nosTOMy 3HaHHTenBHO 6onee 6hctpbih 

15 neM HH$$y3HOHHHH nepeHOC. 

EIpH flH$$y3HOHHOM nepeHOCe CKOpOCTB pOCTa MOHOKpH CTdJl- 

na orpaHHHHBaeTCH ckopoctbjo nepeHOca Maa?epaana HCTO^HHKa 
5 k nonnoxKe 4 , o6paTHo nponopijHOHanBHOH paccTO^HHso Mexny 
hhmh , KOTopoe rhk yBenHHeHHH ckopocth pocTa Tpe6yeTCH ne- 

20 naTB ManBiM • npn mhcto kohbgkthbhom nepeHoce, B03HHKaK>meM 
b ycnoBHHx TOHHoro cTexHOMeTpHnecKoro cooTHomeHHH KOHqeH- 
TpaqHH aTOMOB a30Ta h ajiiDMHHH^, ckopoctb pocTa TeM BHine, 
neM BHine naBneHHe cTexnoMeTpHHecKOH CMecn , KOTopoe onpe- 
flenHeTCH CKopocTBio ncnapeHHH MaTepnana HCTOHHHKa 5 . Cko- 

25 poctb HcnapeHHH npaKTH^ecKH He 3aBHCHT ot paccTOiiHHH Mex- 
By hctohhhkom 5 h nonnoxicoH 4. BcneflCTBHe SToro, H3MeHe- 
HHe paccTOHHHH Mexjqy hctohhhkom 5 h noRJioxKOH no KpaimeH 
Mepe b npeflenax, He npeBMrnaiomnx nonepe*£HHe pa3Mepsi non- 

JIOXKH 4, He CKa3HBa6TCH Ha CKOpOCTH pocTa. 3TO, B CBOK) 

30 onepeRB, no3BOH5ieT pa6oTaTB c 6onBmHMH 3HaneHH5iMH pa3HO- 
cth TeMnepaTyp HCTOHHHKa 5 h nonnoxKH 4, yBejiHneHHe koto- 
poii npHBO^HT k yBejiHHeHHK) ckopocth HcnapeHHK MaTepHana 

HCTOHHHKa 5 H / COOTBeTCTBeHHO / K flOnOJIHHTeJIBHOMy yBejiHHe— 
HHK) CKOpOCTH pOCTa MOHOKpHCTaJIJia • 
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B rGpM6TH3npoBdHHOH pocTOBOH KaMepe 3 co6cTB6HHue na- 

PH HHTpHOa aniOMHHHH HCTOHHHK& 5 o6pa3y»T CMeCB CO CTeXHO- 

MeTpHHGCKHM cooTHomeHHeM KOHqeHTpaqHH aTOMOB a30Ta h anio- 

MHHHH • IlpH 3TOM o6eCIieHHBaeTCH MaKCHMdJlLHaH CKOpOCTB pOC- 

5 Ta MOHOKpHCTanna, no cpaBHeHHio c flOCTHraeMofi npn Tex xe 

yCJTOBHHX B npHCyTCTBHH H36KTOHHOrO COflepxaHH5I B CM6CH 

a30Ta. 

nonyneHHaH hhcjighhumh MeTonaMH ssbhchmoctb naBneHH* 

napOB HHTpHRa an»MHHHH B repMeTH3HpOBaHHOH pOCTOBOH KaMe- 

10 pe 3 ot TeMnepaTypH HCTOHHHKa 5 npejjCTaBneHa Ha to. 2 
kphboh A. HanpHMep, b cootb6tctbhh c KpHBOH A, TeMnepaTy- 
pe 2200° C cooTBeTCTByeT pacneTHoe naBneHHe napoB, npn6nH- 
3HTenBHO paBHoe 100 MHnnH6ap. 

Jlynme npHcnocoSjieHHHM nnx npoBeneHHH nocnenoBaTenBHHX 

15 qHKJIOB BHpan|HBaHHH MOHOKpHCTaJinOB HHTpHOa aniOMHHHH X&JISL- 

eTC* BapnaHT BbipamHBaHHH 6e3 repMeTH3aijHH poctoboh KaMepH 
3 , b stom cnynae moxgt 6bitb o6ecneneHo 6&iCTpoe H3BJieneHHe 
BMpaqeHHoro MOHOKpHCTanna . 

B cnynae HcnoxiB30BaHHH nojiHKpHCTannHHecKoro HHTpnna 

20 aniOMHHHH KdK MaTepHaJia HCTOHHHKa 5 aJIK)MHHH5I , BHpamnBaHHe 

MOHOKpHCTanna ocymecTBJiOTT cnenyiomHM o6pa30M. 

flo Hanajia HarpeBa hctohhhk 5 , noflnoxKy 4 h pocTOByio 
KaMepy 3 nonroTaBJiHBaioT TaK xe KdK b npe^M^ymeM BapnaHTe. 

IlpH BHpamHBaHHH MOHOKpHCTanna 6e3 repMeTH3ai^HH pocto- 

25 boh KaMepH 3 , Tpe6yeTC*i npeflOTBp^THTB yTe*ncy H3 Hee napoB 
HCTOHHHxa 5. C 9TOH ijenBD b nonocTH 2, coo6maiorneHCH c 
Poctoboh KaMepoii 3, nepe3 3a3opH coejjHHeHHH ee HacTefi, 
hjih cneqaanBHO BHnojiHeHHbie KaHanbi (He noicasaHBi), co3na»T 
ypaBHOBemHBammee naBneHHe a30Ta He HHxe TaKoro, KOTopoe 

30 co3naBann 6bi co6cTBeHHHG napti HHTpana aniOMHHHJi HCTOHHHKa 
5 B 3aMKHyTOM o6BeMe. naBneHHe a30Ta KOHTponnpyroT f H3Me- 
pna ero b xonoflHOH nacTH nonocTH 2 , Bjjann ot poctoboh Ka- 
MepH 3 . flna H3M6pGHHH npHMeaaeMHx b HacTonmeM MeTone jjaB- 
jighhh e 3aKnioHeHHHx b nHana30HG 1 - 2000 MHnnn6ap, H3Bec- 

35 tgh mHpoKHii cnGKTp npn6opOB pa3nn*iHoro npHHqnna hghctbhh: 
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Ha ocHOBe TepMonapa, MeM6panHHe h npyrne. HanpHMep, Moxe* 
6htb HcnonB30BaH MeM6paHHHH MaHo-BaKyyMMeTp MEMBRANOVAC 
DM-12, BbinycKaeMHH b nponaxy $HpMOH LEYBOLD INFICON Inc. 

Bu6op BenHHHHH naBneHHH a30Ta b nonocTH 2 HBJineTCH 

KJlMHeBNM HJIH flOCTHXeHHH BHCOKOH CKOpOCTH pOCTa MOHOKpH- 

CTanna HHTpn«a an»MHHHH npn yMepeHHBix 3Ha^eHH«x pa6oHefi 
TeMnepaTypw HcrroHHHKa 5 h pa3HOCTH TeMnepaTyp HCTo^HHKa 5 
h noptnoxKH 4. flnn nonyneHHH MaKCHManBHOH ckopocth pocTa 
naBneHHe a30Ta b nojiocTH 2 b ycTaHOBHBmeMCH pa6oneM tsm- 
nepaTypHOM pexHMe hojixho 6htb paBHo naBneHHio, co3naBaeMO- 
My napaMH HHTpnna aniOMHHHH b 3aMKHyroM oS^eMe, HanpHMep, 

repMeTH3HpOBaHHOH pOCTOBOH KaMepe 3, HMeK>mHMH CTeXHOMeT- 

pHnecKoe cooTHomeHne KOHijeHTpanHH aTOMOB asoTa h anioMH- 

flaBJieHHe b nojiocTH 2, cooTBeTCTByiomee MaKCHManBHOH 
ckopocth pocTa MOHOKpHCTaJiJia npn 3a«aHHOH pa6oneH TeMne- 
paType HCTOHHHKa 5, MoseT 6htb onpeneneHo no H3o6paxeHHOH 

Ha to. 2 KpHBOH A 3aBHCHMOCTH EaBJieHH* B MHHJIH6apaX OT 

TeMnepaTypsi b rpanycax qenBCH*. KpHBan A noKasHBaeT pac- 
^eTHyio BejiHHHHy naBneHH*, cosjqaBaeMoro b 3 aMKHy tom o6«BeMe 

CTeXHOMeTpHHeCKOH CMeCBK) napOB aniQMHHHH, 06pa30BaHHHX HC- 

napeHHeM MaTepnana HCTOHHHKa 5, h a30Ta, nnn cnynan, ko- 
rna MaTepnanoM HCTOHHHKa 5 HBnneTcn HHTpnn a jidmhhhh . 

Ho Hanana HarpeBa ycTaHaBjiHBaiOT MHHHManBHoe , HanpH- 
Mep, HecKonBKo MHnnH6ap, HananBHoe naBneHHe a3o<ra b no- 
jiocth 2 h, cooTBeTCTBeHHo, b coo6maiomeHCK c Hen poctoboh 
KaMepe 3. B npoqecce HarpeBa HCTOHHHKa 5 naBneHHe a30Ta b 
nonocTH 2 noBBimaiQT cootb6tctb6hho pacneTHOMy pocTy naBne- 
hhh napoB HCTOHHHKa 5, onpenen** Texymee npnpanjeHHe naB- 

neHH* HO KpHBOH A, *Hr.2. TaKHM 06pa30M, B KaXflHH momcht 

b npoqecce HarpeBa, naBneHHe b nojiocTH 2 npeBMiaeT pac- 
neTHoe naBneHHe napoB HHTpnna aniOMHHHH b poctoboh KaMepe 
3 Ha BenHHHHy HananBHoro naBneHH*, ycTaHaBJiHBaeMoro b no- 
nocTH 2. OnHcaHHan npoqenypa BHxona Ha paOoHHH pexHM bk- 
pamHBaHHH *Bn*eTC* HaHnynmeH b tom CMHcne, hto nosBonneT 
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H36exaTi> Ha 3tom 3Tane noTepB napoB amoMHHH* h npenoTBpa- 

THTb HX B03MOXHHH KOHTdKT C He3aTOeHHKMH 3JieMeHTaMH KOH- 

CTpyKi^HH ycTpoHCTBa npn Biaxone napoB aniOMHHHH 3a npenenu 
BHyTpeHHen hohocth poctoboh KaMepa 3* IIocneHHee HMeno 6u 
5 MecTo b cnynae, ecriH cooTBeTCTByiomee pa6oneMy pexHMy HaB- 
neHHe a30Ta co3flaBanocb b iiojiocth 2 no Hanana HarpeBa, B 
3tom cjiynae ho Havana HarpeBa a30T nocTynaeT b pocTOByio 
KaMepy 3 H3 nonocTH 2, a b npoqecce HarpeBa, BcnencTBHe 
o6pa30BaHH5i napoB HHTpHjja aniOMHHHH , naBneHHe b poctoboh 
10 KaMepe 3 cTaHOBHTc* Bume BHeniHero h nacTB CMecH a30Ta h 
napoB aniOMHHHH BHTecH^eTcn H3 Hee b nojiocTB 2 , npH stom 

BHyTpH pOCTOBOH KSMepbl 3 6yjjeT COXpaHHTBC5I H36fiITOHHOe CO- 

nepxaHHe a30Ta, TopM03nmee pocT MOHOKpHCTanna . 

Ha <I>Hr. 3 H3o6paxeHO ceMencTBO kphbhx, cooTBeTCTByro- 

15 mHX TpeM pa3JIHHHBIM TeMnepaTypaM , 3aBHCHMOCTH CKOpOCTH 

pocTa MOHOKpHCTanna HHTpHjja anmnHHH (b MHJiJiHMeTpax b 
nac) ot BenHHHHK jjaBneHHH a30Ta (b MHnnn6apax) b nonocTH 
2, paBHoro nonHOMy «aBneHHK> CMecn a30Ta h napoB an»MHHHH 

B pOCTOBOH KaMepe 3, Tpa^HKH COOTB6TCTByH)T pa3HOCTH TeM— 

20 nepaTyp Mexay hctohhhkom 5, MaTepnanoM KOToporo cnyxHT 

HHTpHfl aniOMHHHJI, H nORJlOXKOH 4 paBHOH 70° C, H paCCTOHHHK) 
MeXfly HCTOHHHKOM 5 H nORHOXKOH 4 pdBHKM 4 MM. 3TH rpa^HKH 

no3Bon5iioT onpenenHTB flHana30H oTKnoHeHHH ot CTexnoMeTpH- 
necKoro cooTHomeHHK KOHqeHTpaqHH aTOMOB a30Ta h aiiBOMHHHH 

25 B CMeCH, He npHBOfl^HX K CymeCTBeHHOMy CHHXeHHK) CKOpOCTH 

pocTa MOHOKpHCTanna 9 b nacTHOCTH, BH6paTB BenHHHHy Ha- 
nanbHoro naBneHHH a30Ta b nonocTH 2 . 

npH nepBOM BHpamHBaHHH B KOHKpeTHOM 3K3eMnHKpe pOCTO- 
BOH KaMepbi 3 ckopoctb noflteMa naBneHHJi a30Ta b nonocTH 2 
30 npn HarpeBe HCTOHHHKa 5 MoseT 6htb yBennneHa no OTHomeHHio 
k onpenen5ieMOH no kphboh A, to. 2, hto npHBeneT k BHXOfly 
Ha pexHM BHpamHBaHHH npn 6onBmeM H36biTKe a30Ta b cocTaBe 

CMeCH B pOCTOBOH KaMepe H COOTBeTCTByKmeMy CHHXeHHK) CKO- 
POCTH pocTa. Ckopoctb yBenn^eHHK naBneHHH h, cooTBeTCT- 
35 BeHHO, KOHeHHa* BennsHHa naBjieHHH a30Ta b nonocTH 2 b co- 
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oTBeTCTBHH c pe3ynBTaTaMH npo6HHX BHpamHBaHHH MoxeT 6htb 
b EajiBHeHmeM no^BeprHyTa KoppeKTHpoBKe , HcnpaBmnomefi no- 
rpemHocTH pac^eTOB h H3MepeHHH TeMnepaa?yp. 

B cjiynae HcnonB30BaHH* MeTaJinHHecKoro anioMHHHH b xa- 
necTBe MaTepnajna HCTOHHHKa 5 aniOMHHHH BwpamHBaHHe moho- 
KpHCTanna HHTpHRa aniOMHHHJi ocymecTBJunoT b poctoboh KaMepe 
3, cooOmaromeHCH c iiojioctbio 2, aHanorHHHO npenHnyqeMy Ba- 
pnaHTy. Oco6eHHocTBK> naHHoro BapnaHTa ^cBn^eTCH OTcyTCTBHe 
a30Ta b MaTepnane HCTOHHHKa. 06pa3OBaHHe cMecH a30Ta h 
napoB axiioMHHH^i b poctoboh KaMepe 3 nponcxoRHT Gnaronap* 
nocTynneHHio b Hee a30Ta H3 nonocTH 2. 

H3MeHeHne flaBJieHHH a30Ta b nonocTH 2 b npoqecce Ha- 

rpeBa HCTOHHHKa 5 npOH3BOflHT B COOTBeTCTBHH c rpa$HKOM, 

H3o6paxaeMHM kphboh B, 3>nr. 2. KpHBa* B noKa3HBaeT pac- 
neTHyK) BenHHHHy flaBJieHH*, co3RaBaeMoro b 3aMKHyTOM oS'BeMe 

CTeXHOMeTpHHeCKOH CMeCBK) napOB aJIIOMHHHH, 06pa30BaHHBIX HC- 

napeHHeM MaTepnana HCTO^HHKa 5, h a30Ta nnx cnyHax, Koraa 
MaTepnanoM HCTo^HHKa 5 HBmieTC* MeTannH^ecKHH anioMHHHH • 

KpuBan B, cooTBeTCTByDmaH MeTanjiHHecKOMy anraMHHHio, 
npn yMepeHHHx TeMnepaTypax HCTOHHHKa 5 oeMOHCTpHpyeT 6o- 
nee BsicoKoe nonHoe aaBJieHHe CTexHOMeTpHHecKofi cmgch a30Ta 
h napoB ajiiOMHHHii b poctoboh KaMepe 3, new. KpHBa* A, coot- 
BerrcTByiomaH HHTpnny a jiiomhhhh • IIocKonBKy ckopoctb pocTa 

MOHOKpHCTajIJia HHTpHfla aJIIOMHHHH npH yBenHHeHHH ^aBJieHHH 

CTexaoMeTpHHecKOH CMecH a30Ta h napoB an»MHHHH B03pacTa- 
eT, HcnonB30BaHHe MeTannHnecKoro anK)MHHH5i b Ka^ecTBe Ma- 
Tepnana HCTOHHHKa 5 anioMHHHtf oSecne^HBaeT 6onee BwcoKyio 
ckopoctb pocTa b npeanoHTHTeiiBHOH an* npaKTH^ecKoro npu- 
MeHeHHH HHXHen nacTH flnana30Ha pa6oHHx TeMnepaTyp hctoh- 
HHKa 5, HHxe 2400°C. HcnonB30BaHHe MeTanna^ecKoro aniOMH- 
hhh b KanecTBe MaTepnana HCTOHHHKa 5, no3BonneT H3Mep*TB 
ckopoctb pocTa MOHOKpHCTanjia b npoqecce BEjpamHBaHH«ji no 
BenH^iHHe pacxo^a a30Ta, Heo6xoflHMoro rjth nojnmepxaHH* no- 
CTOHHHoro flaBjieHHK b nonocTH 2. 3to npenocTaBjineT bo3mox- 
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HocTb non6opa oiithmsltibhsix 3HaneHHH napaMeTpoB npoqecca 
HenocpeflCTBeHHO b npoqecce BapamHBaHHH. 

npennoxeHHoe H3o6peTeHHe He orpaHH^HBaeTCH paMKaMH 
onucsiHHbix npHMepoB peajiH3auHH h nonycxaeT oneBHHHbie cne- 
5 ijHajiHCTy b flaHHofi o6nacTH TexHHKH MOflH$HKauHH cnoco6a , He 
BHxoA^He 3a npejqenbi o6i>eMa H3o6peTeHHH, onpenejiaeMoro 
ero $opMynoH. 
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<E>OPMYJIA H30BPETEHH5I 

CnOC06 3nHTaKCHaJIBHOro BHpamHBaHHH MOHOKpHCTaJIJIHHe- 

cKoro HHTpana aniOMHHHH H3 CMecH a30Ta h napos anioMHHHH r 
BKHK)HaK)iqHH pa3MenjeHHe b poctoboh KaMepe (3) npyr HanpoTHB 
npyra noflnoxKH (4) h HCTOHHHKa (5) aniOMHHHH, HarpeB h 
noflflepxaHHe pa6o^HX TeMnepaTyp HCTO^HHKa (5) h nonnoxKH 
( 4 ) , o6ecneMHBaiomHx , cootbgtctbghho , o6pa30BaHHe napoB 

aJIIOMHHHtf B COCTaBe CMeCH H pOCT MOHOKpHCTaJIJia HHTpnna 

anioMHHH55 Ha nonnoxKe (4), OTHHHaiomHHCH TeM, hto flaBneHHe 
CMecH a30Ta h napoB aniDMHHHK b poctoboh KaMepe (3) nofl- 
AepxHBaioT b HHTepBane 4 00 MHJijiHSap ot HHXHero 3HaHeHH*, 
paBHoro flaBJieHHio, KOTopoe co3flaBajia 6w b 3aMKHy<roM o6«&eMe 
CMecB o6pa3yK)mHXCH napoB anioMHHHH c a30TOM, HMeiomaH obh- 

HaKOBHe KOHI^eHTpai^HH aTOMOB a30Ta H aXIIOMHHHH. 

Cnoco6 snHTaKcnanLHoro BBipamHBaHHH MOHOKpncTanjiHHe- 

CKOrO HHTpHRa an»MHHHH H3 CMeCH a30Ta H napOB a JIIOMHHHJI / 

BKnioHaK>mHH pa3MemeHHe b poctoboh KaMepe (3) apyr HanpoTHB 
Apyra noRnoxKH (4) h HCTOHHHKa. (5) anioMHHH5i , HarpeB h 
nonnepxaHHe pa6oHHx TeMnepaTyp HCTOHHHKa (5) h no^JioxKH 
(4), o6ecne*iHBaiomHx, cooTBeTCTBeHHo , o6pa30BaHHe napoB 

aJIK)MHHHH B COCTaBe CMeCH H pOCT MOHOKpHCTajIJia HHTpHfla 

anK)MHHH5i Ha no^nosKe (4), OTJiHnaiomHHCH TeM, hto fl aBneHHe 
cmgch a30Ta h napoB anioMHHH.Ec b poctoboh KaMepe (3) noH- 
HepxHBa»T b HHTepsane 400 MHJinH6ap ot HHXHero 3HaneHHH f 
paBHoro naBJieHHio, C03naBaeM0My b 3aMKHyTOM o6*BeMe CMecBio 
oepasymmHXCH npn TeMnepaType HCTOHHHKa (5) napoB aJiioMHHHH 
c a30TOM, HMeiomeH oflHHaKOBae KOHqeHTpaqHH aTOMOB a30Ta h 

aniDMHHHH • 

2. Cnoco6 no n. 1 oTJiHHaiomHHCtf TeM, hto saBJieHHe cMe- 
ch a30Ta h napoB ajiioMHHHH b poctoboh KaMepe (3) noajqepxH- 
BawT 6jih3khm k HHXHeMy 3HaneHHK) 3a;qaHHoro HHTepBana. 

3. Cnoco6 no n. 1, OTJiHHaiomHHCH TeM, hto b KanecTBe 
MaTepnana HCTOHHHKa (5) anioMHHHH HcnonBsyioT hhtphh aniOMH- 
hhh, pocTOByw Ka M epy (3) no Hanana HarpeBa BaKyyMHpy^T h 
repMeTHsnpyiDT, h npoBOA*T BupamHBaHHe MOHOKpHCTanjia hht- 
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pujja aniOMHHHH npn hhxhcm 3HaneHHH 3aflaHHoro HHTepBana 
HaBJieHHH CMecH a30Ta h napoB sjiiomhhhh f co3naBaeMOH b poc- 
toboh KaMepe (5) ncnapeHHeM MaTepnana hctohhhkci . 

4. Cnoco6 no n. 1, oTHHHaiomHHCH TeM, hto b KanecTBe 
5 MaTepHana HCTOHHHKa ( 5 ) anioMHHHH HcnonB3yK>T hhtphh aniOMH- 

hh^ f pocTOByio KaMepy (3), coo6maK>myioc*i c bhgqhhm npo- 
CTpaHCTBOM, noMemaiOT b aTMoc$epy a30Ta, naBneHHe KOToporo 
noAflepxHBaioT b npenenax 3ajqaHHoro HHTepBana naBneHHH. 

5. Cnoco6 no n. 1, OTnHHaiomHHCii TeM r hto b KanecTBe 
10 MaTepnana HCTOHHHKa (5) anioMHHHJi HcnonB3yic>T MeTannnnecKHH 

ajiroMHHHH , pocTOByio KaMepy ( 3 ) , coo6maiomyioca: c BHemHHM 
npocTpaHCTBOM / noMemaioT b aTMOc^epy a30Ta f naBneHHe koto- 
poro nonnepxHBaioT b npeflenax 3anaHHoro HHTepBana jjaBne- 

HHH • 

15 6 . PocTOBa* KaMepa ( 3 ) rhh snHTaKcnanBHoro BbipamHBan- 

HHH MOHOKpHCTannHHeCKOrO HHTpH^a aniOMHHHH H3 CMeCH a30Ta 

h napoB anioMHHHH r BBinonHeHHan c bo3moxhoctbkj pa3MemeHH*i 
BHyTpn Hee HCTOHHHKa ( 5 ) anioMHHH^ h no^JioxKH ( 4 ) , HarpeBa 
h noflHepxaHHH TeMnepaTyp HCTOHHHKa ( 5 ) h nojqnoxKH ( 4 ) , 
20 oSecneHHBaromHx pocT MOHOKpncTanna HHTpHfla amoMHHHK Ha 
nonnoxKe (4), OTnHHaioma^CH TeM, hto MaTepnan KOHTaKTHpyc- 

meH C HCTOHHHKOM H napaMH aniOMHHHH nOBepXHOCTH pOCTOBOH 

KaMepbi npencTaBJi^eT co6oh TBepflHH pacTBop Kap6ana TaHTana 
b TaHTane. 
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• Oco6wc KaieropHH ecbworoux aokymchtob: T 6wicc iiomhhh jioKywcHT, onyojmicoBaHHufi nocnc aara 

A flOKyvcuT, onpcjicjwiomMfi o6iun* ypoacH* tcxhhkh npHopHrera h hphk^hhuh /uw noHHMaHiut H33o6percmw 

E 6ojjcc paHHHH ^oicyMeHT, ho onyWoeaHHuH ha any X aoKyweHT, hmooiuhh HaHoW fciwicoe otoouicmmc k npc^iery 

McxflyHapoiWoft nojumn hjih nooic nee noHcica, nopoMaiUMfi hobhjhv h M3o6pcTaraiwicHfi ypoeem, 
O AOKyMCfrr, oTUOCJWHfic* k ycTHouy pacKpbmno, 3iccnoHH- v _„ 

Y jxoKyMCKT, noposaiuHfi mo6peTarenbCicHti ypoacub b cowe- 

pOBaHHK) H T.A- TaHHH C OAKHM HJIH KCCKOJIfaKHMH flOKyWCHTSMH TOfi XC 

P AOKyMCHT, ony&jiHKOBjUiHufi jio jaTU m cxAyMapo/iHofi no- KaTcropKH 

Aa«tH, ho nooie mtu HcnpauiMBacMoro npHopHTCTa & JioKyMCHT, hbjwiouikhc* narcHTOM-ajuuoroM 

"P" ilOKyMCHT, Ony6/lHKOBaHHLJH JIO R3TU MCXCAyHapOAHOH nOA3*JH, JlOKywcHT, ABilXtOUIMHCJI naTCHTOM-aHaJlOrOM 

ho nocnc naiht HcnpauiHaacMoro npHoptnrra 
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